ABSTRACT: We studied seasonal changes in otolith and somatic growth and condition of anchovy Engraulis encrasicolus late larvae (8−55 mm) from the North Aegean Sea (eastern Mediterranean), hatched during the peak (summer) and end (autumn) of, and also after (winter), the regular anchovy spawning period in the area. Mean growth rate and somatic condition were compared with abiotic and biotic parameters collected in situ (current environment). Additionally, we used the output of a coupled 3D hydrodynamic−biogeochemical model implemented over the broader sampling area to reconstruct the potential conditions that the larvae experienced during their development (environmental history). Growth in length was similar for larvae in summer and autumn (0.80 mm d ). Larval and otolith size at hatching were larger in winter. Otolith microstructure was faint in winter with very narrow increments. Otolith and somatic growth were coupled in autumn and winter, but in summer, when temperature was high, otoliths were significantly larger for the same fish length, age and weight. The biogeochemical model simulation implied that mean plankton productivity was significantly higher during the development of larvae in summer, explaining their higher growth in weight and somatic condition compared to autumn and winter. In situ measured environmental parameters represented a snapshot of ambient conditions at the site and time of sampling and did not adequately explain the seasonal differences in growth and condition. 
INTRODUCTION
Small pelagic fish are characterized by large interannual fluctuations in recruitment (Fréon et al. 2005) . A major factor implicated in the survival of the larval stage and subsequent recruitment is growth rate. Bigger and faster-growing larvae are more likely to survive due to higher chances of avoiding predation and/or encountering their prey, but also because they are vulnerable to predation for a shorter period of time ('bigger is better' and 'stage duration' hypotheses; Anderson 1988 , Houde 1989 , Leggett & DeBlois 1994 . Growth rate is determined mainly by temperature and food availability (Heath 1992) . In multiple spawning pelagic fish with protracted spawning periods, like the European anchovy Engraulis encrasicolus (spring to autumn; Somarakis et al. 2004) , larvae may experience different temperature and trophic conditions depending on the time of hatching (spring, summer or autumn), and consequently, different growth and survival opportunities. A temporal dimension in recruitment, which is linked, among other factors, to temperature and productivity cycles, has generally been poorly understood (Cargnelli & Gross 1996) .
The growth of European anchovy early larvae has been largely studied in the Mediterranean Sea (Palomera et al. 2007 , Somarakis & Nikolioudakis 2007 , and references therein). Growth of late larvae and juveniles has only recently become a subject of study, and the issue of seasonal variations in growth has been addressed in only a few instances (La Mesa et al. 2009 , Aldanondo et al. 2010 , Costalago et al. 2011 . Furthermore, even though the microstructure of anchovy otoliths has been examined thoroughly and the daily deposition pattern has been validated in both larvae and juveniles (Palomera et al. 1988 , Cermeño et al. 2003 , 2008 , Aldanondo et al. 2008 , scarce information is available on how it changes between seasons (La Mesa et al. 2009 , Costalago et al. 2011 . Otolith growth in European anchovy has been used in coupled hydrodynamic/ larval fish individual-based models as a proxy of somatic growth, assuming that otolith and somatic growth are proportional (Allain et al. 2003 (Allain et al. , 2007 . However, uncoupling of somatic and otolith growth rates in the presence of high temperatures has been repeatedly reported in other fish species (e.g. Mosegaard et al. 1988 , Folkvord et al. 2004 .
In this study, we examined seasonal variations in otolith microstructure and growth rate of anchovy late larvae from the north Aegean Sea and their relationship to seasonal changes in oceanographic features. In growth studies, in situ data on the abiotic and biotic environment, i.e. data collected concomitantly with fish samples, can be used to infer the environmental conditions experienced by the fish and to explain observed differences in growth rates. This type of information, however, provides a temporary picture of the environment, representing, at most, the conditions that fish experienced for the very short period prior to and during sampling. However, for late larvae and juveniles and/or in periods when the oceanographic environment is changing rapidly (e.g. in spring), current measurements may not be representative of the actual conditions that the fish experienced during their development and that may have ultimately determined the mean growth rate in the larval/juvenile sample. In addition to using in situ collected environmental information, we also explored the use of a 3D coupled hydro dynamic−biogeochenical model implemented in the North Aegean Sea (Politikos et al. 2011 , Tsiaras et al. 2012 to assess the environmental conditions that the larvae may have experienced during their development and provide a better understanding of the causes of seasonal changes in mean growth rate and somatic condition.
MATERIALS AND METHODS

Sample collection
Sampling of anchovy late larvae took place at a coastal site (~30 m depth) of the North Aegean Sea, in front of the mouth of the Nestos River ( Table 1 ). A small pelagic trawl with a 7 m vertical opening and 8 mm mesh size (knot-to-knot) in the cod-end was used on board the RV 'Philia'. Sampling details are provided by Nikolioudakis et al. (2011) . Fish were fixed in 10% boraxbuffered formalin (pH ≥8.8−8.9) immediately after capture and subsequently preserved in new formalin 198 Fig. 1 . Study site, indicating the trawling area (long, rounded rectangle) and the location of the 3 stations for hydrographic and plankton sampling (asterisks). The shaded rectangle marks the area over which outputs of the coupled hydrodynamic/biogeo chemical model (POM-ERSEM) implemented in the North Aegean Sea were averaged solution, within < 24 h after fixation. The preservative was checked regularly thereafter to ensure that pH remained higher than 8.6 (Dulcic 1995). In addition to fish sampling, temperature, salinity and fluorescence profiles were taken over the mean trawling path with a Seabird 25 CTD, at 3 equally spaced stations (Fig. 1) . At the same stations, mesoand microzooplankton samples were also collected using a WP2 net (mouth opening: 0.255 m 2 ; mesh size: 200 µm) and a scaled-down version of the same sampler (mouth opening: 0.05 m 2 ; mesh size: 50 µm), respectively. The size fractions from 50 to 200 µm and from 200 to 2000 µm were used for biomass estimations of microzooplankton and mesozooplankton, respectively. Depth-stratified water samples were also collected for chlorophyll a (chl a) determination. More details are provided by Nikolioudakis et al. (2011) .
Otolith preparation and analysis
In the laboratory, a length-stratified subsample of anchovy larvae was selected for otolith analysis representing the entire length range of larvae collected in each survey (Table 1) . Standard length (SL) and total weight (TW) were measured to the nearest 0.1 mm and 0.0001 g. No correction was applied for length shrinkage, which was considered negligible for this size range (La Mesa et al. 2009 ).
The sagittal otoliths of the smaller larvae (SL < 35 mm) were extracted from each fish under a stereomicroscope equipped with polarizing filters. The otoliths of the larger specimens were removed using the 'up through the gills' method (Secor et al. 1992 ). All otoliths were cleaned from adhering tissues and mounted on glass slides using thermoplastic resin.
Most otoliths of larvae with SL up to 30−35 mm did not need any further processing. The remainder were ground down with a 12 µm lapping film and then polished with 1 µm lapping film. After heating and repositioning of the otolith, the procedure was repeated for the other side until a thin sagittal section was obtained in which the nucleus and all increments were visible. The degree of polishing was checked regularly under the microscope to avoid over-polishing.
The right or left otolith was randomly selected from each fish for otolith microstructure analysis. Otoliths were observed under a light microscope, and immersion oil was used to enhance image clarity. The finer increments at the central area (nucleus) of the otolith were read at 1000× magnification, while the rest of the otolith was read at 200×. Calibrated digital images of the otoliths showing the increments from nucleus to the periphery of the post-rostrum were obtained through a CCTV camera connected to an image analyser (Image-Pro Plus 3.0, Media Cybernetics). The maximum otolith radius (OR, µm) from nucleus to post-rostrum was measured, daily increments were marked along the OR, and widths of individual increments were calculated by the use of a specific algorithm of Image-Pro Plus. Daily increment interpretation followed the methodology proposed by Cermeño et al. (2008) . All otoliths were read independently by 2 readers, and the readings were only accepted if 100% agreement was reached.
Age and growth
The daily pattern of increment deposition in anchovy has been validated for both larvae (Al danondo et al. 2008 ) and juveniles (Cermeño et al. 2003 Table 1 ).
The relationships between SL, TW, OR and age were calculated in order to determine mean growth rate and somatic condition of fish for each season. The respective relationships were compared among seasons using analysis of covariance (ANCOVA) models (Somarakis et al. 1997) . Multiple contrasts were used to test for significant pairwise differences between slopes or intercepts (Somarakis & Nikolioudakis 2007) .
Biophysical model outputs
Additional information on the mean oceanographic conditions in the study area during the period that the larvae were growing (recent environmental history) was obtained by outputs of a 3D coupled hydrodynamic−biogeochemical model (Politikos et al. 2011 , Tsiaras et al. 2012 ) simulation in the North Aegean Sea over the same period.
The hydrodynamic model is based on the Princeton Ocean Model (POM, Blumberg & Mellor 1983) which is a 3D, primitive equation, free-surface circulation model. POM employs a bottom-following sigmacoordinate system, which is particularly suitable for coastal applications. It is a widely spread community model that has been previously implemented in the North Aegean (Kourafalou & Barbopoulos 2003 , Kourafalou & Tsiaras 2007 and is part of the 'POSEI-DON' operational forecast system (Nittis et al. 2006 ).
The biogeochemical model is based on the European Seas Ecosystem Model (ERSEM, Baretta et al. 1995) and was adopted by Petihakis et al. (2002) after further calibration/validation against available remote sensing and in situ data , Politikos et al. 2011 . ERSEM is a comprehensive 'functional' type model that describes pelagic and benthic ecosystem dynamics, taking into account all of the important processes operating both at the physiological and community level, such as growth, respiration, lysis, excretion, mortality and grazing. The ecosystem's biota is grouped together according to their functional role and size class. The pelagic ecosystem is represented by 4 phytoplankton groups (diatoms, nanoplankton, picoplankton, dinoflagellates), 3 zooplankton (heterotrophic nanoflagellates, microzooplankton, mesozooplankton), bacteria and dis solved and particulate organic matter (Triantafyllou et al. 2005 ). The coupled model (POM-ERSEM) implemented in the North Aegean for this study is similar to the coupled biophysical Mediterranean basin scale model that is currently operational within the Poseidon Forecast System (www.poseidon.hcmr. gr; Tsiaras et al. 2010 ).
An inter-annual simulation of POM-ERSEM in the North Aegean Sea provided selected oceanographic parameters as daily average values in the broader area of sampling ( Fig. 1 ) from January 2007 to February 2009. The atmospheric forcing for the simulation was obtained from POSEIDON (Papadopoulos et al. 2002) . The water discharge for major North Aegean rivers (including the Nestos River) was set to climatological mean values (Therianos 1974) with maximum runoff during the spring period (Poulos et al. 1997) . River nutrient concentrations were based on yearly mean in situ data (Skoulikidis 2009 ).
In order to verify the simulated seasonal variability, the model surface chl a, averaged over the study area, was compared against remotely-sensed chl a (MODIS). Remotely-sensed chl a data may be characterized by significant uncertainties in coastal, river-influenced areas, due to the presence of other coloured substances (IOCCG 2000) , such as coloured dissolved organic matter, which cannot be readily distinguished from chl a with the employed algorithms. Therefore, we focussed our comparison on seasonal variability, rather than absolute chl a magnitude. For this purpose, chl a was normalized to standard deviation (SD) units:
Larvae produced over the NE Aegean Sea continental shelf are largely retained there, close to the spawning sites, as indicated by field studies (Somarakis & Nikolioudakis 2007) and particle tracking models (S. Somarakis unpubl.). We therefore considered that larvae captured in this study had originated from sites close to the sampling area and had not been advected from distant spawning locations. In that sense, averaging POM-ERSEM parameters over the broader sampling area would most likely adequately represent the average conditions that individuals experienced while growing, at least for the purpose of inter-seasonal comparisons. Model parameters were averaged over the shaded area in Fig. 1 , either from shore to the 50 m isobath or from shore to the 300 m isobath. The parameters included: sea surface (3 m) temperature (SST, °C), sea surface (3 m) salinity (SSS), potential energy deficit (PED, J; a measure of vertical density stratification, Planque et al. 2007 ) biomass. Seasonal changes in mean growth rate and somatic condition were compared with average model outputs, i.e. recent environmental history, for: (1) the period 30 d before the first sampling date, (2) the period prior to sampling equal to maximum reported age in the larval sample and (3) a 30 d period centred around the date calculated by subtracting the average age of larvae in the sample from the first day of sampling. Preliminary analysis (not shown) indicated that seasonal trends and the results of all subsequent comparisons between larval data and environmental conditions were similar regardless of the spatial or temporal option of averaging model parameters. We therefore present only results concerning average model predictions for the area from shore to the 300 m isobath and the period prior to sampling equal to the maximum age of larvae (option 2 above).
Seasonal differences in the in situ measured environmental parameters as well as averaged POM-ERSEM parameters were tested with analysis of variance (ANOVA), or with Kruskal-Wallis tests when the assumptions of ANOVA were not met. StudentNewman-Keuls or Dunn's tests were used for parametric and non-parametric multiple comparisons (Zar 1999) .
RESULTS
Otolith microstructure
The otolith microstructure was clearer in summer, and daily increments were well-defined compared to autumn and winter (Fig. 2) . Larvae caught in winter (February) had the faintest microstructure, with daily increments that were hard to distinguish (Fig. 2) . The distance of the hatching check from the core was significantly different among summer (4.32 µm), autumn (4.44 µm) and winter (4.59 µm; ANOVA, F = 25.73, p < 0.001). The first few (up to 10) increments, in all 3 seasons, were the narrowest encountered on the otoliths (0.9−2 µm) and appeared as faint concentric rings of alternating dark and light zones around the core (see also Palomera et al. 1988 , Aldanondo et al. 2008 . Sub-daily units, thin and faint, appeared quite early; however, they were easy to discriminate from the daily increments. As the distance from the nucleus increased, daily increments widened and rings were replaced by groups of microincrements, as described by Cermeño et al. (2008) . The increase in increment widths occurred faster in the summer group. In summer and autumn, increment widths increased continuously with age, whereas in winter, they reached a plateau after the first 30 d (Fig. 3) . The maximum observed increment width was much lower in the winter group (7.5 µm), compared to those of the summer and autumn groups (11 and 21 µm, respectively).
Age and growth
Age readings ranged from 12 to 42 d for the summer group, 24 to 56 d for the autumn group and 41 to 78 d for the winter group. Calculation of hatch dates indicated that larvae hatched mainly from mid-June to mid-July 2007 (summer group; S07), mid-October to mid-November 2007 (autumn group; A07) and in December 2008 to early January 2009 (winter group; W09). Fish in summer and autumn grew in length at the same rate, which was significantly higher than that in winter (SL-on-age relationship; Table 2 , Fig. 4 ). On the other hand, fish from all 3 groups Table 2 , Fig. 4 ). Otolith growth rates did not differ significantly among groups, but otoliths were bigger at age in summer and smaller in winter (log[OR]-on-log[age]; Table 2 , Fig. 4 ), exhibiting the same pattern as somatic growth in weight. The relationships of log(TW)-on-log(SL), log(OR)-onlog(SL) and log(OR)-on-log(TW) were highly significant (r 2 ≥ 0.897) for all 3 groups. Their slopes were not significantly different among seasons; however, in summer, fish were heavier at length and had bigger otoliths for the same length and weight (Table 2 , Fig. 4 ) compared to autumn and winter.
Oceanographic conditions
The model-simulated variability in the physical environment (SST, SSS, PED) and biological production (chl a, micro-and mesozooplankton biomass) is shown in Fig. 5 . Higher biological production is simulated for the period March to April (with some interannual variability in the timing of peaks) following the entrainment of subsurface nutrients, triggered by the increased vertical mixing in the preceding period (identified by the decrease of PED and the increase of SSS, Fig. 5 ). Another factor further enhancing biological production in spring is the increased river discharge and associated nutrient inputs that peak during that period. As the temperature of the surface layer increases, water column stratification rises in late spring−summer, and nutrients are entrapped under the ther mocline (not shown). As a result, biological production de creases, reaching a minimum in Sep tember− December (Fig. 5) .
Average model-simulated chl a was much lower compared to remotelysensed chl a (Fig. 6 ). However when comparing the normalized values, modelled chl a presented similar seasonal variability to MODIS (Fig. 6) , i.e. increasing during the winter− spring period and decreasing in the summer−autumn stratified period.
The simulated average biological production for the sampling periods exhibited a different seasonal pattern compared to the in situ data from the sampling surveys. The latter exhibited higher chl a and mesozooplankton biomass in December and higher microzooplankton biomass in February (Table 1) . According to the POM-ERSEM simulation, anchovy larvae experienced higher plankton productivity in February and the lowest in December (Fig. 5) .
In Fig. 7 , box-and-whisker plots of the selected environmental parameters for the period prior to sampling (equal to maximum age reported in the respective larval sample) are presented. According to the oceanographic model, larvae caught in summer experienced, on average, significantly warmer, less saline waters with high water column stratification during their development (Table 3 , Fig. 7 ). Larvae caught in February developed in cold and well mixed waters. The conditions for larvae caught in December were intermediate (initial phase of the mixing period). Simulated chl a and zooplankton biomasses were higher for the summer-caught larvae, whereas both micro-and mesozooplankton were significantly higher in December than in February. 
DISCUSSION
In this study, we investigated the growth rates of European anchovy late larvae that hatched in the peak of (June−July), the end of (October−November) and also after (December) the regular anchovy spaw ning period. In order to explain the observed differences in otolith microstructure and somatic growth as well as somatic condition, we examined the output of a coupled (Regner 1996 , Somarakis et al. 2004 , Palomera et al. 2007 ; however, in the central Aegean Sea, eggs have been sampled even in December ). In the warmer Israeli waters, Walline (1987) captured anchovy larvae all year round. Over the last decades, the Mediterranean Sea surface has been continuously warming, and since the early 1990s, the heating rate has accelerated (Skliris et al. 2012) . As the duration of the anchovy spawning period is closely related to temperature (Garcia & Palomera 1996 , Regner 1996 , extended reproductive seasons may become more common in the future.
Protracted spawning periods are characteristic of multiple spawning fish. It has evolved as an adaptation to ensure progeny survival by dispersing the risk of spawning under unfavourable conditions (Bye 1984 , McEvoy & McEvoy 1992 . In our study, anchovies born earlier in the season (summer sample) were in better condition compared to the autumn and winter groups (log[TW]-on-log[SL]; Fig.  4 ). Several authors reported that earlyand mid-spawned larvae exhibited higher survivorship than those born later in the season (Methot 1983 , Cargnelli & Gross 1996 , Wright & Gibb 2005 . Cargnelli & Gross (1996) suggested that early hatching maximizes the period of increased growth which can be an important advantage in size-dependent over-winter mortality. Thus, it can be argued that, assuming that predation rates and transport to unfavourable areas remain unchanged temporally, anchovy larvae that hatch early in the spawning season in the Aegean Sea may have higher chances of survival. In winter, fish were larger (longer) at hatching com pared to summer and autumn (log[SL]-onlog[age]; Fig. 4) . Additionally, the hatch check was de posited at a longer distance from the otolith primordium compared to the other 2 groups. Both larval length and otolith size at hatching are strongly correlated with egg size (Marteinsdottir & Steinarsson 1998 , Nissling et al. 1998 , Høie et al. 1999 . In anchovy, it is well documented that egg size decreases during the spawning season, probably due to temperature increase (Hunter & Leong 1981 , Clarke 1989 , Motos 1996 . However, in experiments with Japanese anchovy kept in tanks, Tsuruta & Hirose (1989) showed that when the spawning period extends to autumn−winter, egg size gradually increases again as the temperature falls. This conforms to our findings of bigger otolith and larval size at hatching towards the end of spawning season when temperature decreased.
Otolith microstructure differed markedly between seasons, and this was obvious by simple visual examination of the otoliths under the microscope. Increments were wider and well-defined in summer, while in winter they were narrow and faint (Figs. 2 & 3) . In the Gulf of Lions, Costalago et al. (2011) observed a similar pattern of very narrow daily increments with relatively unvarying widths in the otoliths of anchovy larvae caught in December (average sea surface temperature: 12.64°C). In rearing experiments with En graulis encrasicolus larvae held in tanks at different temperatures, Aldanondo et al. (2008) found that increment deposition was very low at 17.6°C. Laboratory experiments with juveniles of the Japanese anchovy E. ja ponicus using different temperature levels and/or food rations (Namiki et al. 2010) showed that low temperatures (13−14°C) and limited food intake influence increment widths. The latter authors argued that low water temperatures cause the lowering of contrast between discontinuous and incremental zones of otolith increments leading to unclear daily deposition patterns. These experiments conform to our ob servations of narrow . POM-ERSEM output for the study area in the period prior to sampling (equal to the maximum reported age of larvae) for S07, A07 and W09. SST: sea surface temperature, PED: poten tial energy deficit, SSS: sea surface salinity, MesoZ (MicroZ): meso-(micro) zooplankton increments and faint otolith microstructure for anchovy larvae in the North Aegean Sea caught in February (average model-predicted temperature: 14.76°C). The otolith growth rates were similar among seasons, but otoliths were bigger for the same age in summer and also significantly larger for the same fish length or weight (Fig. 4) . Several authors have reported that otoliths continue to grow even in temperatures above the optimum for somatic growth (Mosegaard et al. 1988 , Otterlei et al. 2002 , Folkvord et al. 2004 , Fey 2006 . This uncoupling between otolith and somatic growth at high temperatures has been attributed to the closer relation of otolith growth to metabolic rates, which continuously increase with increasing temperature, rather than to somatic growth rates (Wright et al. 1990 , Wright 1991 . Thus, the use of otolith growth as a proxy for somatic growth in anchovy, e.g. in individual based models (Allain et al. 2003 (Allain et al. , 2007 , may not be so realistic, especially when scenarios with high temperatures are being tested.
The mean growth rates estimated in this study were high (Fig. 4) , especially for the summer and autumn group (0.80 mm d . In both studies, the differences in growth rates were mainly attributed to seasonal and spatial variations in temperature. The high growth rates combined with the fact that fish were heavier at the same age and length in summer (Fig. 4) indicate better conditions compared to autumn or winter. As simulated by the coupled hydrodynamic−biogeochemical model, larvae caught in summer developed in waters that were, on average, not only warmer but also more stratified, less saline and highly productive in terms of both phytoplankton and zooplankton (Fig. 7, Table 3 ). In the oligo trophic Mediterranean Sea, the suitable habitats for anchovy early stages have been associated with stabilized water masses of low salinity and high productivity (Agostini & Bakun 2002) . In the Aegean Sea, such conditions are mainly generated by inputs of fresher waters like the Black Sea water, which enters into the Aegean Sea through the Dardanelles Straits, and the discharge from local rivers (Isari et al. 2006 , 2007 , Somarakis & Nikolioudakis 2007 .
The simulated seasonal variability in biological production was verified here using remotely-sensed chl a data (Fig. 6) . The significant short-term variability during the season of high primary production, particularly evident in the satellite data from November 2007 to May 2008, could be attributed to variability in river runoff that is related to rainfall (higher during this period). This short-term runoff variability is not taken into account in the ERSEM simulation that adopts a climatological seasonal river runoff variation (see 'Materials and methods').
When examining the in situ measurements of environmental parameters, the picture obtained for primary and secondary productivity was quite different, compared to the model simulation of recent environmental history (Tables 1 & 3) . Hence, seasonal changes of growth in weight and somatic condition could not be explained by current/local environmental conditions. The use of a model simulation allowed for a more realistic representation of the environment that larvae may have experienced during their development (environmental history), compared to the instantaneous image that was provided by the in situ measurements (current environmental conditions). As shown by the simulation (Fig. 5) , the environmental conditions may exhibit significant changes during the period of larval development, particularly during the winter−spring bloom period. Moreover, the broader area of sampling that was used for averaging model parameters was probably more representative of the larval habitat, as compared to the location of the in situ measurements (very near the mouth of the Nestos River) where environmental conditions are directly driven by the variability of river outflow. It must be noted, however, that this approach (averaging environmental parameters over a broader area) also introduces some degree of variability.
In individual based models, some authors have used backward drift trajectories of larvae (i.e. trajectories of larvae from the point of capture to the point of hatching based on hydrodynamic model fields) to reconstruct the daily larval positions and relate otolith widths with the conditions that larvae experienced during their drift (Allain et al. 2003 , 2007 , Hinrichsen et al. 2010 ). This approach is based on the assumption that larvae represent passive particles, which is most likely true for early larvae but not for the postflexion larval stage that is the focus of the present study. The completion of notochord flexion has been associated with significant improvement in swimming performance, i.e. higher speed and endurance (Clark et al. 2005) , and behavioural capabilities; thus, considering late larvae as passive particles might not be so realistic (Leis 2007 , Irigoien et al. 2008 , Somarakis & Nikolioudakis 2010 .
In conclusion, the use of the biophysical model outputs greatly assisted in explaining the seasonal changes in growth, condition and otolith microstructure of late anchovy larvae. The use of such models in interpreting changes in larval growth and condition and identifying temporal windows of increased growth and survival will probably become very popular in the future as such models are being implemented, validated and becoming operational in most regional seas around the world (e.g. Kishi et al. 2007 , Siddorn et al. 2007 , Lazzari et al. 2012 .
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